Abstract. An Improved TDOA-based location algorithm (TBL) is presented for the wireless sensor networks of large scale and high density nodes. The algorithm is analyzed from three processes, including measuring distance, computing position, circulating location. Capabilities of the algorithm affected by the parameters are analyzed, and it is compared with the Euclidean algorithm in simulations. Results show that TBL is an efficient location algorithm based on different rapid of waves in different medium, and it shows an induction for location of IoT.
Introduction
Wireless sensor networks (WSN) are generally composed of nodes that are randomly distributed. Nodes are integrated with sensors, data processing unit and communication module. WSN is a new information acquisition platform, which can transmit the real-time acquisition and monitoring of the object information though the gateway node to Internet (or IoT), and location of nodes realize the detection and tracking in the nodes distributed area. Node localization is a basis task of a specific wireless sensor network. Artificial layout and GPS positioning often accompany with the environment limit, more cost and power consumption. As for different application requirements, domestic and foreign researchers have proposed a variety of WSN node localization algorithm [1] [2] [3] [4] [5] . Localization methods are mainly divided into distance dependent (Range-based) and distance independent (Range-free) positioning algorithm. The distance between nodes is not measured by distance independent positioning algorithm, which can calculate the distance between unknown nodes and anchor nodes indirectly according to the information of the network. The distance dependent algorithm needs to be supported by hardware devices such as radio, antenna array, ultrasonic wave and sound wave, and the node can measure distance and angle information. TDOA, AOA, TOA or RSSI (Received Signal Strength Indicator) are used to obtain the information. Then, the three-edge is used to obtain the position with an accurate location. Active Bats, Cricket, AHLos, Calamari, n-hop multilateration primitive [6] and so on, can achieve centimeter (CM) level of positioning accuracy. A variety of improved algorithm [7] based on TDOA has become a hotspot in recent years. In this paper, an improved algorithm based on TDOA ranging (TDOA-based location algorithm, TBL) is presented, which is a distance dependent algorithm. Within human visual and audible range, TBL is a method to find the target node localization with low cost. Further consideration is given as a simple method for locating nodes in a certain geographical range.
TDOA-based Location Algorithm
Localization of node is the relative or absolute position finding way in WSN. Estimate of the time arrival difference between the sound wave and electromagnetic wave which come from the same node [1, 2] . In this paper, TBL localization algorithm based on sound waves is discussed, and it is based on acoustic and electromagnetic wave arrival time difference (TDOA) to achieve WSN node ranging and positioning. TBL is a kind of low cost and power consumption method for the location of WSN.
Distance Measurement Synchronization
It should ensure that the sound wave and electromagnetic wave come from the same sensor node by means of the distance measurement based on TDOA. There will be much measure error if the two signals are from different nodes. The way of time division multiple access (TDMA) is adopted here. Each node is allocated a certain time slot to transmit the signals. Firstly, the time synchronization of the nodes should be implemented. Next steps are given as follows.
One node (such as the sink node) in the networks is chosen as the time-triggered node to trigger the time synchronization. This node broadcasts the time synchronization packet in the limited-flooding way. Meanwhile, node that receive the packet continue to forward the packet if it is the first time to receive the packet. Each node will trigger its timer to work when receiving the packet.
Each node calculates its working time slot, when it receives the time synchronization packet, and it will transmit the sound wave and electromagnetic wave in its working time slot. The formula for the time slot is given as follows:
where i is the node's ID, t is a single slot time, N is the total node numbers, k is the circle number, and Ti,k is the time slot of node i in the circle k.
TDOA Distance Measurement
Premise and Distance Calculating. Each node emits the sound wave and electromagnetic wave at the same time in its working time slot. The nodes that receive the two signals, measure the TDOA of the sound wave and electromagnetic wave, and the distance is calculated as follows:
where Di,j,k is the measured distance between the node i and the node j in the circle k, Vs is the sound speed, Ts(i, j, k) is the time that the node j receives the sound signal from the node i in the circle k, Tr (i, j, k) is the time that the node j receives the electromagnetic signal from the node i in the circle k, and Te is the emission delay between the sound signal and the electromagnetic one. Each node will yield the neighbor node list and neighbor anchor node list which are composed of the nodes within the maximum measure range, and the information in the lists are mainly the nodes' ID and the measure distances with the neighbor nodes. The measure distance is always affected by the emission distance of the sound wave.
Distance Average. In order to improve the distance measurement accuracy, distance measurements are performed several times. In particular, the distance estimation , ,
Correction Factor. The correction factor is also introduced to update the measure distance. The measure distance , 
 is not evaluated as exact as enough for each actual situation. Next work should improve  to Y(Matrix), with the corresponding difference channel environments of each pairs of Nodes (From Node m to Node n). Correction factor  is broadcasted, and the first correction factor  that the neighbor nodes receive is used to update the measured distance as follows:
Neighbor Node Lists Updating. After the distance measurement, the measured values in the neighbor node list of nodes are also updated. To satisfy the requirements of the Euclidean algorithm [3] , at the same time, each node should acquire the neighbor list information of its neighbor nodes. Each node broadcasts the information of its neighbor lists to its neighbor nodes as this cycle after the distance measurement is accomplished.
Similar channel environments of each pairs of Nodes (From Node m to Node n) can be expressed as Eq. (7), where I is unit matrix.
When nodes are widely distributed and the channel environments of each pairs of Nodes are complex, adjacent pairs of nodes have similar channel environment within the same range of partition. The theory of compressive sensing (CS) [8] can be used as the preprocessing of Y and reduce the complexity of the algorithm, and it is discussed later.
Location Calculation
If one node gain three or more distances with the neighbor anchor node, the maximum likelihood estimate method is adopted to calculate the position [4] . The Euclidean algorithm presents an approach to calculate the distance between the two nodes that are two hops away. Similar methods have also been applied to the TBL problem to calculate the distances between the nodes that are two times of measure distance away, endowing it with enhanced coverage percentage. In Fig. 1, node A, B and C are position-unknown nodes, node L is an anchor node, the distances of AB, AC, BC and CL can be measured, and the distance of AL can be calculate by (8), (9), and (10). Two difference distances of AL can be derived from the formulas, so we should adopt some methods to choose the right one. Two methods are usually applied in TBL algorithm. If A has another neighbor node D, which may be the neighbor node of L, and also the neighbor node of B or C. Moreover, D can be used as B or C to calculate the distance of AL again. So the right one should be chosen. If there are no other nodes like D, the distance of AL can be compared with the maximum measure distance r, the distance of BL, or CL to choose the right one, for AL can not be measured, so AL>BL, AL>CL, and AL>r, AL can be compared with one another to arrive at the right answer. 
The anchor node broadcasts the beacon packet. Each node that receives the beacon will search for the anchor's ID in its neighbor lists. If it can be found, the distance away from the anchor can be applied to locate itself; otherwise, it will search for the ID in the neighbor lists associated with its neighbor nodes. Furthermore, if the ID can be found, the above method can be utilized to calculate the distance between the two nodes whose distance cannot be directly measured. If one node gain three or more distances with the neighbor anchor nodes through this distance calculation process, the maximum likelihood estimate method is also adopted to calculate the position.
Circulating Location Anchor Updating
If a node gains its only position through the location calculation, the node can be updated to be a new anchor node to assist other nodes in locating themselves. By the way, the location coverage percentage can be improved [5, 6] . However, the position affirmation process should be implemented, only the node with high accuracy can be updated to a new anchor node, for the purpose of eliminating the wrong calculating results. The nodes implement this process by using the information of the neighbor anchor nodes. For example, A is a node that has obtained its calculation position, C is a neighbor anchor node of node A, so the distance dAC between A and C should satisfy the constraint: 0 AC d r   , if C is the neighbor anchor node of A's neighbor anchor node, the distance dAC of AL should satisfy the constraint:
 , where r is the maximum measure distance. If the formulas are satisfied, the node A becomes a new anchor node; otherwise, A will wait to get the new beacon to calculate its position again. Moreover, if the new calculation result satisfies the formulas, A will be updated to become a new anchor node.
Circulating Location
The anchor node updated broadcasts the beacon packet. If the nodes that received the beacon are the neighbor nodes of the new anchor node, they can apply the measured distances away from the new anchor node to locate themselves directly. Also, if the nodes that receive the beacon are the neighbor nodes of the neighbor nodes of the new anchor node, the distance calculation method illustrated in Location Calculation Section can be employed to calculate the distance. If one node gain three or three more distances relative to its neighbor anchor nodes in this process, the maximum likelihood estimate method will have to be adopted to calculate the position. The node will further implement the anchor update process and the circulating location process. If one node is updated to be a new anchor node, and it has broadcasted the beacon, it will quit the location process, and enter the sleeping state. If the nodes cannot locate itself in a certain time limit, it is considered that they cannot locate themselves. In particular, when the time limit is coming, the location process is quitted.
Simulation and Discussion
The location coverage percentage is the percentage of the located node number with the whole node number. The accuracy mentioned is defined as the percentage of the location error relative to the measure distance. TBL algorithm is compared with the circular Euclidean algorithm and the location error is analyzed. The impact of the TBL's parameters is estimated, including the percentage of the anchor nodes, the percentage of distance measurement error, as well as the measured distance.
Algorithm Comparison
Assuming that 150 nodes are randomly distributed by the simulation circumstance in 100 × 100 m 2 , and the maximum measured distance is 20 m. The percentages of location error of the two algorithms are compared with the different anchor number percentages. As can be observed from Fig. 2 , the percentages of anchor numbers vary from 10, 20, 30, 40 to 50, with the anchor number increasing, the percentage of TBL's location error becomes less, and the percentage of TBL's location error is less than Euclidean, it is primarily because that the Euclidean algorithm does not subject to the affirmation process, and it updates the circulated nodes to become the anchor nodes directly, so the error is larger. 
Impact of Parameters on TBL
In this subsection, the impact of the characteristic parameters on the TBL algorithm will be analyzed. Likewise, 150 nodes are randomly distributed in an area of 100 × 100 m 2 . In Fig. 3(a) , the maximum measured distance is set to be 15 m, the percentage of measured distance error is set to be 10%. It shows that the coverage percentage is higher with the more anchor nodes. In contrast, the maximum measured distance in Fig. 3(b) is set to be 15 m, the percentage of the anchor number is limited to be 30%. As observed, the location error percentage increases with the increasing distance error percentage. Moreover, in Fig. 3(c) and (d) , the percentage of anchor number is also set to be 30%. With the larger maximum measure distance, the coverage percentage gets higher, but the location error percentage becomes lower.
Discussion and Further Work Compressed Value Matrix
Power loss of sound is weaker with lower frequency, and if the frequency is several KHz, the sound transmitting and receiving technique can be used to measure the distance of several decade meters, which is an efficient technique to locate the targets outdoors. Compressed sensing can reduce the complexity of the algorithm as consideration of complex channel environment. In Eq. (11), Φ is observation matrix and X is observed value matrix.
Y=ΦX
Using compressive sensing [8] to solve the dimension reduction of the modified matrix in the local similar channel environment, is an improved way to reduce the complexity of the algorithm.
Security of Transmitting
Time Difference of Arrival between each pair of sensor nodes can be used as the basis for the authentication, as a new node joints the WSN communication for the handshake. Feature Pri (A, B) in (12) extracted from the channel environment can be used as a lightweight password in. When the sensor node location is changed unexpected or destroyed, authentication again gain the security for WSN communication.
Pri (A, B)= Feature (Point A, Point B)
Furthermore the security condition changing of nodes should lead to alarm for the application of IoT security scenes. 
Conclusions
Three components of the algorithm have been separately elaborated, mainly involving distance measurement, location calculation, as well as circular location process. In particular, several means to improve the accuracy of distance measurement are investigated, and the TDOA method based on the sound wave and electromagnetic wave to locate in the large-scale WSN is discussed. Also, the well-designed circular location process has the advantage of better positioning accuracy and coverage percentage. Simulation results have confirmed the effectiveness of the formed TBL algorithm.
